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DETECTION OF ACTIVATED PLATELETS WITH 
ANTIBODIES TO CELL SURFACE ANTIGENS 
Technical Field 

The present invention relates to a 
diagnostic site-specific imaging reagent that binds 
to a specific manunalian cell membrane- associated 
antigen on the cell membrane of a stimulated 
activated platelet but that does not substantially 
bind to a non-stimulated resting platelet / a method 
of preparing the reagent and its use in a diagnostic 
system for detecting^ indicating and localizing 
stimulated platelets* More particularly, the present 
invention relates to monoclonal and polyclonal 
receptors that bind to a specific cell 
15 surface-expressed intracellular blood protein 
component* 
Background 

Mammalian blood contains small cells known 
as platelets. Human platelets are anucleate 
20 circulating particles with a diameter of about 2-4 

micrometers* Platelets that circulate freely through 
blood vessels as free floating cells are known ^as 
"resting" platelets. 

Intact, resting platelets are normally 
25 non-adhesive and exhibit limited interaction with 
intact endothelium or with other blood cells. 
Hpwever, these platelets are rapidly converted from 
free floating cells to an adhesive aggregate mass of 
intact platelets, known as "activated platelets", 
during the process of hemostasis or during tjhe 
formation of thrombi* 

When the wall of a blood vessel is damaged 
as from a blow or as a result of vascular event, a 
hemostatic response is rapidly elicited to prevent 
35 excessive blood loss. This response, as it has 
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evolved in higher organisms, is triggered to 
efficiently seal and localize hemostasis by the 
concerted action of blood platelets and the 
coagulation system. in contrast, in vessels injured 
by chronic diseases; e.g., atherosclerosis, activated 
platelets may adhere to each other and to the vessel 
wall leading to thrombotic occlusion. Such events 
occur in heart attack and stroke with venous 
embolism. Blood platelets are transported to the 
site of the injury and aggregate to form a hemostatic 
plug. Fibrinogen then assists in forming a clot. 

The involvement of blood platelets in 
primary hemostasis and thrombosis is initiated by 
surface contact interactions and is contingent upon 
the adhesive properties of the platelet cell. Three 
general phenomena comprise an adhesive event: 1) 
attachment of the platelet to the substratum] such as 
thesubendothelial matrix; 2) spreading of the 
plat^et which establishes additional contact sites 
with the substratum; and 3) recruitment of additional 
platelets to form aggregates. Platelet aggregation 
can be stimulated by exposure of the cell to 
adenosine-5' -diphosphate (ADP) , ADP/f ibrinogen, 
epinephrine, thrombin, serotonin, collagen and 
25 certain arachidonic acid metabolites. 

The expression of adhesive properties in a 
resting human blood platelet therefore is initiated 
by an appropriate stimulus that regulates the 
adhesive response. The stimulation transforms blood 
platelets from a non-adhesive "resting" state to an 
adhesive "activated" state that supports adherence of 
the platelets to blood vessels and to one another to 
form thrombi. Thus, the alteration of the adhesive 
properties of these cells plays a crucial role in 
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host defense mechanisms and in the pathogenesis of 
thromboembolic disease. 

The terms "non-stimulated platelet" and 
"resting platelet" are used interchangeably herein to 

5 denote a normal free flowing blood platelet that has 
not been exposed to a physiological stimulus as 
previously described, and which is, therefore, in a 
"non-adhesive" or "intact" state. Conversely, the 
terms "stimulated platelet" and "activated platelet" 

10 are used interchangeably herein to denote a blood 
platelet that has been exposed to a physiological 
stimulus as described, and which is, therefore, in an 
"adhesive" state. 

During hemostasis and thrombosis, resting 

15 blood platelets are known to change morphologically 
in shape and biochemically in cell surface membrane 
composition during aggregation and secretion. The 
platelets change in shape from disks to spheres with 
long pseudopods that aggregate with adjacent 

20 platelets. The activated platelets secrete their 
granule contents into the surrounding environment, 
accelerate plasma coagulation, bind developing fibrin 
strands and provide the impetus for clot retraction. 

A study of platelet surface membrane changes 

25 following the stimulation of resting platelets with 
thrombin showed that major platelet surface membrane 
changes- occur after secretion but not after 
reversible aggregation. See George et al., J> Clin. 
Invest . , 66 , 1 (1980) which is incorporated herein by 

30 reference. 

Another study of the action of thrombin on 
intact human blood platelets related to the presence 
of a new cell membrane-associated protein that was 
not fibrinogen. Baenziger et al., Proc. Natl . Acad . 

35 Sci. (USA) , 68 , 240 (1971) which is also incorporated 
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herein by reference. This new membrane protein has 
since been identified as " thrombospondin" and is 
sometimes also known as " thrombin-sensitive protein" 
or "glycoprotein G". 
5 Thrombospondin is a filamentous 

macromolecule measuring about 7x70 nanometers (nm) 
that appears to be a major subcellular blood protein 
component [Lawler et al. , J. Biol. CHph,. . 23, 8609 
(1978)]. Lawler et al. also reported that 
10 thrombospondin comprises three disulfide-1 inked 

Chains of .hout 142,000 to about 190,000 daltons each 
whxch may or may not be identical. Thrombospondin 
contains approximately 4 percent by weight 
carbohydrate, with neutral sugars, amino sugars and 
sialic acid (N-acetylneuraminic acid) in a weight 
percent ratio of about 4:3:1.5, and contains no 
hexuronic acid. 
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From studies of patients with quantitative 
deficiencies of certain plasma proteins, platelet 
adhesivity is believed to be mediated or modulated by 
selected "adhesive proteins" in addition to the 
foregoing stimulus requirement. 

Adhesive proteins are cofactor proteins that 
are expressed at the outer cell surface of an 
activated blood platelet. These proteins are usually 
either completely absent from the outer cell surface 
of intact resting platelets or are present only in 
minimal quantities. Thus, cell membrane-associated 
adhesive proteins are believed to be primarily 
expressed as intracellular components, and in ' some 
instances, as extracellular components. - - 

Adhesive proteins that have been identified 
on the outer cell membrane surface of activated 
platelets include fibrinogen, fibronectin, von 
Wiliebrand factor (also known as Factor VIII) and 



SDOCID <WO _ _ 8605693A 1 1 > 



wo 86/05693 



PCT/US86/00616 



-5- 

thrombospondin . These four proteins share common 
characteristics in that they 1) are normally absent 
from the outer cell surface of resting platelets; (2) 
interact minimally with non-stimulated intact 

5 platelets; (3) are expressed at the cell surface 
following platelet stimulation and (4) have gross 
structural similarities* Proposed mechanisms for the 
expression of these four adhesive proteins at the 
outer cell membrane platelet surface are discussed in 

10 Ginsberg and Plow, J. Supramolecular Structure and 
Cellular Biochem, , 17 , 91 (1981) . 

Although the primary sequence homologies 
between the proteins are not fully known, selected 
structural features of the four proteins are 

15 similar. All four adhesive proteins described above, 
are glycosylated macromolecules having an element of 
internal symmetry in their multimeric state. In 
particular , fibrinogen has a molecular weight of 
about 340,000 daltons and has a dimeric structure 

20 made up of a plurality of subunits having molecular 
weights of about 48,000, 56,000 and 65,000 daltons, 
Fibronectin has a molecular weight of about 450,000 
daltons and circulates primarily as a dimer of two 
very similar, but not identical disulf ide-linked 

25 subunits having a molecular weight of about 220,-000 
and 230,000 daltons, respectively. Higher multimers 
of fibronectin are known to occur in plasma and may 
predominate in the matrix. Thrombospondin exists as 
a trimer having a molecular weight of about 450,000 

30 daltons with three disulf ide-linked subunits of very 
similar sizes having a molecular weight of from about 
142,000 to about 190,000 daltons. von Willebrand 
Factor is composed of 220,000 dalton subunits that 
multimerize to yield a molecular weight of about 

35 1,000,000 to about 20,000,000 daltons. 
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Plasma and extracellular matrices are 
believed to constitute the primary exogenous sources 
of the above four adhesive proteins. With the 
exception of thrombospondin, plasma is the major 
5 potential source of the other three adhesive 

proteins. Saglio et al. have reported thrombospondin 
to be 3 to 5 orders of magnitude less abundant than 
fibronectin or fibrinogen at a concentration of 
20-130 nanograms (ng ) /milliliter (ml) in blood plasma 
10 [ Blood , 59, 162 (1982)]. 

It is known that, upon exposure to thrombin, 
blood platelets mobilize certain submembr anous 
cytoplasmic storage granules (alpha granules) that 
release their contents into the environment. 
15 Platelet storage granules contain a number of 

proteins that are normally absent from the cell 
surface of a resting blood platelet/ but that are 
present as cell surface associated membrane proteins 
of thrombin-stimulated "activated" platelets. It is 
20 further believed that the adhesive proteins, 

especially thrombospondin, reside primarily in 
endogenous pools within the alpha granules of the 
blood platelets. 

Expression of the adhesive proteins on the 
25 platelet cell surface is dependent upon platelet 

stiTiulation that induces the secretion and release of 
alpha granule components. This release liberates the 
adhesive proteins into the extracellular milieu and 
provides their appearance on the cell surface. 
30 Additionally, since adhesive proteins are normally 
minimally associated with the surface of resting 
platelets, it is believed that the mechanisms for 
cell surface expression of adhesive proteins from 
exogenous sources are also initiated and dependent 
35 upon platelet stimulation. 
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Since platelet activation and localization 
are fundamental events of injuries to blood vessels, 
there is a need for methods and reagents capable of 
detecting and discriminating between activated blood 

5 platelets and resting platelets. The ability to 

detect activated platelets that may react selectively 
with impaired blood vessel walls would particularly 
aid in finding the situs of soft tissue injuries, 
especially in cases of trauma where the victim has no 

10 externally apparent injury. 

Presently, assays of circulating activated 
platelets are measured in vitro using the well known 
platelet aggregate ratio test wherein appropriate 
dilutions of an unknown antibody-containing sample 

15 are incubated with antigen-bearing cells and the 
antibody concentration (titer) is determined by 
comparing the resulting agglutination responses to 
those obtained with a standard antibody-containing 
sample of known titer. This test, however, is often 

20 cumbersome and unreliable. 

One current method for imaging blood 
platelets in vivo involves a time-consuming and 
inconvenient procedure using ^"'"■^indium-labelled 
platelets. The procedure involves isolating blood 

25 platelets from a patient, labelling the platelets 

with the radionucleotide in vitro and then reinfusing 
the radiolobelled platelets back into the patient. 
The ■'■"''"^indium-labelled platelets can be imaged only 
after a sufficient period of time passes to reduce 

30 background signal interferences. 

Thus, a diagnostic site-specific imaging 
reagent capable of selectively binding and imaging a 
specific cell membrane-associated adhesive protein 
would have desirable clinical utility for rapidly 

35 indicating the site of stimulated activated platelets 
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and could be useful for discriminating between such 
platelets and resting platelets. 

More particularly, a diagnostic 
site-specific imaging, reagent comprising an antibody 
5 or antibody fragment that binds to a specific blood 

platelet protein component (when it is expressed as a 
cell surface antigen of a blood platelet that is in a 
stimulated activated state) could circumvent many of 
the technical complexities, inconveniences and time 
10 consuming aspects of the presently available in vitro 
and in vivo diagnostic procedures. 

Nieuwenhuis et al. reported a monoclonal 
antibody against thr ombin-activated platelets that 
does not cross-react with resting platelets 
15 [ Thrombosis and Haemostasis , 50 , 100 (1983) ] • The 
monoclonal antibody was prepared against activated 
platelets using spleen cells from mice immunized with 
thrombin- activated human blood platelets fused to a 
murine (mouse) myeloma cell line to form a 
20 hybridoma. Anti-platelet antibodies were produced, 
and one hybridoma produced antibodies that bound to 
an unknown antigen on thrombin- or ADP-activated 
platelets. However, the antibody had no functional 
properties in aggregation studies of platelets 
25 stimulated by ADP, epinephrine, collagen, thrombin or 
the antibiotic, restocetin. The antigen to which the 
antibody bound was found to be located in a special 
subclass of blood platelet granules different from 
alpha granules • 
50 Hsu-Lin et al. also reported the production 

of monoclonal antibodies specific for 
thrombin-activated platelets [ Blood , 62 (Suppl. 1) , 
(1983)] prepared from murine hybridomas using 
standard methods known in the art. The specificity 
J5 of the antibodies was to an unidentified single 
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protein component that migrated between glycoprotein 
lib and glycoprotein Ilia on separation by Western 
blotting procedures. The unidentified protein was 
derived from either solubilized activated platelets 
5 or from resting platelets, and had an apparent 

molecular weight of between about 98,000 and 120,000 
daltons. 

McEver et al. reported that a monoclonal 
antibody to platelet membrane glycoprotein Ila binds 

10 only to activated platelets [ Blood , 62 (Guppl. 1) , 
(1983)]. The hybridoma was produced from spleen 
cells of a mouse immunized to thrombin-activated 
human platelets bound specifically to 
thrombin-activated platelets but not to peripheral 

15 blood mononuclear cells. The specificity of the 
antibody was to a protein having an apparent 
molecular weight of about 138,000 (unreduced) and 
148,000 (reduced) daltons and fit certain criteria 
for glycoprotein Ila, which is believed to be a 

20 plasma membrane molecule that changes its 

conformation after platelet activation, or for a 
granule membrane component that fuses with the plasma 
membrane during the release reaction. However, the 
function of the protein is not known. 

25 Thus, a need exists for a pre-labelled 

antibody to a blood protein component, particularly 
one located in the subcellular alpha granules capable 
of indicating the blood component as an expressed 
cell surface antigen by imaging the site as a means 

30 for detecting and localizing the blood component. An 
indicating site-specific diagnostic reagent could 
provide a rapid clinical evaluation means in scanning 
for platelet thrombi. 

A particular need exists for a non-invasive 

35 rapid clinical method for identifying and localizing 
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the presence of thrombi, especially in heart attack 
and stroke patients, and for managing in situ 
thrombolytic therapy in patients having acute 
myocardial infarction. 

A need also exists for detecting in vivo the 
situs of injured blood vessel walls following an 
injury or to screen for silent coronary artery 
disease in individuals at risk. 
Summary of the Invention 

The present invention relates to a mammalian 
diagnostic site-specitic imaging reagent, a method of 
its preparation and use, and to a diagnostic system 
utilizing that reagent. The reagent comprises a 
receptor raised in an animal host to a blood platelet 
15 cell membrane- associated antigen. 

The receptor comprises a monoclonal 
antibody, a polyclonal antibody or a mixture thereof 
raised in an animal host to a specific intracellular 
or extracellular blood protein component that is not 
normally blood cell membrane-associated. The protein 
component is a cell membrane-associated antigen that 
is present at the outer cell surface of a blood 
platelet when the blood platelet is in a stimulated 
"active" state and is substantially absent from the 
outer cell surface of a blood platelet that is in a 
non-stimulated normal or "resting" intact state as 
previously described. 

The term "antigen" in its various 
grammatical forms has been used in the art to include 
materials that are immunogenic, -However, more recent 
usage defines an antigen as that to which a receptor 
such as a whole antibody binds, and an immunogen as 
that which induces the production of antibodies in 
vivo, respectively. An antibody is a protein 
produced by the immune system of a host animal in 
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response to the presence of a foreign substance, and 
is also known as an immunoglobulin (Ig) . The 
specificity of an antibody is directed to the 
immunogen against which it was raised. As used 

5 herein, the term "antigen" includes a specific 
intracellular or extracellular blood protein 
component used to raise an antibody as well as the 
protein to which the antibody binds, and the term 
"receptor" includes an antibody raised in a host 

10 animal to that component. 

By its very nature, a receptor must be 
accessible to the exterior cell surface. The phrase 
"outer cell surface" refers to the exterior cell 
surface as opposed to the submembranous cytoplasmic 

15 surface. 

An intracellular component of the antigen 
comprises a protein that is present in the 
subcellular platelet granules, in particular the 
alpha granules, and virtually absent in plasma. An 

20 extracellular blood protein component comprises a 
protein present in normal plasma. 

A protein useful as an antigen in this 
invention is normally absent from the outer cell 
surface membrane of a resting non-stimulated blood 

25 platelet or is present in only minimal amounts. The 
protein is found expressed as a blood platelet cell 
membrane-associated antigen in the outer cell surface 
of activated, stimulated platelets as hereinbefore 
described. 

30 A preferred protein for use as an antigen in 

the reagent of this invention comprises a member of 
the blood protein component group consisting of 
fibrinogen, fibronectin, von Willebrand factor and 
thrombospondin . A particularly preferred 

35 
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glycoprotein is a sialoglycoprotein, more 
particularly thrombospondin. 

One aspect of this invention relates to 
forming a diagnostic site-specific imaging reagent 
comprising the steps of: immunizing an animal host 
with a human blood platelet cell membrane-associated 
antigen in an amount sufficient to induce the 
production of antibodies to the antigen, the 
antibodies being receptors for said antigen; 
maintaining the immunized host for a time period 

WW iv^iiii uiie diitiDoaies to the antigen; 

withdrawing or collecting antibody-containing 
antisera from the immunized host; recovering the 
receptor so produced in substantially pure form; and 
combining or admixing the recovered receptor with an 
indicating means. 

A particular aspect of this invention 
relates to a diagnostic site-specific imaging reagent 
that recognizes a glycoprotein, in particular, a 
sialoglycoprotein such as thrombospondin when it is 
expressed as a cell membrane-associated antigen. 
More particularly, an anti-thrombospondin reagent is 
contemplated, hereinafter referred to as anti-TSP, 
that binds to thrombospondin expressed as a cell 
membrane- associated antigen on the outer cell surface 
of a stimulated activated blood platelet, and is 
substantially non-binding to thrombospondin that is 
not so expressed or that is associated on the outer 
cell surface of a non-stimulated resting platelet. 

Another aspect of the invention relates to a 
method of forming a monoclonal receptor for use in a 
site-specific reagent. The method comprises the 
steps of: 

a) administering to a non-human animal 
host a human blood platelet cell membrane-associated 



IDOCID <WO__ 8605693A1 I. > 



wo 86/05693 



PCT/US86/00616 



-13- 

antigen in an amount sufficient to induce the 
production of antibodies to the antigen, the 
antibodies being receptors for the antigen; b) 
maintaining the immunized host for a time period 
5 sufficient to form the antibodies to the antigen; c) 
recovering antibody-producing cells from anti-sera 
withdrawn from the immunized host; d) forming 
hybridomas by fusing the antibody-producing cells 
with myeloma cells preferably from the host species; 

10 e) culturing the hybridomas so fused in a suitable 

medium; f) assaying and selecting the hybridomas for 
the ability to produce a monoclonal receptor that 
binds to a cell membrane-associated antigen of a 
blood platelet when the blood platelet is in a 

15 stimulated state, the receptor being substantially 

non-binding to said platelet when the platelet is not 
in a stimulated state; and g) collecting the 
monoclonal receptor as a product of the hybridomas in 
a substantially pure form. 

20 The above methods can also include the step 

of administering to the host after step (a) and a 
sufficient period of growth, e.g., 1-2 weeks, but 
before step, (b) a second injection of the same 
antigen t-O boost the production of antibody. 

25 The above-described method of forming 

receptors includes culturing the hybridomas in vitro 
in a suitable medium and recovering the antibody from 
the hybridoma supernatant by methods that are well 
known in the art. This is known as a cell culture 

30 system. The above method, in the alternative, can 
include injecting the hybridoma into an animal host 
and recovering the antibody from ascites fluid of the 
host. This is known as a whole animal system. Such 
whole animal systems tend to produce more antibody 

35 per unit volume than cell culture systems, but whole 



XXID <WO e605693Al I > 



wo 86/05693 



PCT/US86/00616 



-14- 

animal systems are sometimes difficult to use if 
large quantities of antibody are desired. 

The present invention includes monoclonal 
and polyclonal receptors produced by any of the above- 

5 described methods. In a still further aspect of the 
present invention, a method of preparing the above 
described monoclonal receptor comprises culturing the 
hybridoma ATCC HB 8680 or 8681 in a suitable medium 
and recovering the receptor from the supernatant of 

10 said hybridoma. 

The invention further includes a mammalian 
diagnostic system such as a kit that includes at 
least one package containing as an active ingredient 
a receptor of this invention, that, 'when combined 

15 with an indicating means and introduced into a blood 
sample, binds selectively to the antigen against 
which it was raised and is capable of indicating the 
site of binding. More particularly, the receptor is 
labelled with an indicating means and binds to a 

20 specific blood protein component when the component 

is expressed as a cell membrane-associated antigen on 
the outer cell surface of stimulated activated blood 
platelets to detect and discriminate the activated 
blood platelet from one that is not so stimulated, 

25 and is resting. 

The use of a diagnostic site-specific 
imaging reagent of this invention includes the 
detection and localization of a cell 

membrane-associated blood protein component that is 
30 normally absent from the outer cell surface of the 
resting blood platelet and is cell membrane- ' 
associated as an antigen on the outer cell surface of 
an activated blood platelet when a blood sample is. 
assayed in vitro . 
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An especially preferred use of such a 
diagnostic reagent relates to the detection of an 
alpha granule component of blood platelets expressed 
as a cell niembrane- associated antigen of blood 

5 platelets in in vitro and in vivo protocols. More 
particularly, a monoclonal or polyclonal receptor 
labelled with a physiologically tolerable indicating 
means provides a non-invasive clinical in vivo method 
for selectively localizing the situs of activated 

10 blood platelets exposed in injured vessel walls* 

One benefit of a diagnostic site-specific 
imaging reagent of this invention is that platelet 
thrombi can be rapidly scanned to diagnose 
thromboembolism as occurs in heart attack, stroke, 

15 deep venous thrombosis and pulmonary embolism 

patients to aid in identifying and localizing the 
site of such thrombi for acute in situ thrombolytic 
therapy. 

Another benefit of the present invention is 
20 that the reagent can be used to scan for and image 

injured vessel walls where thrombospondin has become 
exposed in the endothelial matrix as a consequence of 
vessel injury in individuals at risk of silent 
coronary artery disease, 
25 Still another benefit of this invention is 

that circulating activated blood platelets can be 
detected in vitro in blood samples of individuals . 
ingesting prothr ombotic medications, such as oral 
contraceptives • 
30 . An advantage of this invention is that it 

detects activated platelets faster and more reliably 
than does the well known platelet aggregate ratio 
test, 

A still further advantage is that a reagent 
35 of this invention, especially anti-TSP or a conjugate 
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thereof, can be used to localize a blood clot for 
purposes of improving the therapeutic ratio of an in 
situ thrombolytic agent, such as tissue plasminogen 
activator, the natural clot dissolver* 
5 Other advantages and benefits of the present 

invention will become readily apparent to those 
skilled in the art from the following description of 
the invention and the appended claims • 
Detailed Description of the Invention 

The present invention contemplates a method 
of detecting and discriminating between stimulated 
and non-stimulated blood platelets. The invention 
relates to the formation and use of monoclonal or 
polyclonal receptors to blood protein components that 
15 are released from the alpha granules of resting blood 
platelets when the platelets are stimulated with an 
agonist and are expressed as outer cell surface 
antigens on the activated platelets. The receptor 
binds to an activated blood platelet having the cell 
membrane- associated antigen thereon and does not 
cross-react with normal resting blood platelets as 
described herein. 

The present invention further contemplates a 
mammalian diagnostic site-specific imaging reagent 
25 comprising a receptor as hereinabove described and an 
indicator labelling means for identifying the site of 
the cell surface-expressed antigen. A specific blood 
protein component of the alpha granules is used as a 
marker and target antigen to illustrate the present 
invention but the invention is not meant to be so 
limited. 

Thrombospondin is a particularly preferred 
blood protein component for use as the target antigen 
as will be discussed in the following sections. 
35 Thrombospondin is present in minimal amounts on the 
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outer cell surface of resting platelets but is 
expressed in detectable quantities on the outer cell 
surface of activated platelets. It is present in the 
endogenous intracellular alpha granule pool of blood 
platelets. In contrast, about 0.1 percent of 
circulating thrombospondin is free in plasma. 

Monoclonal and polyclonal receptors have 
been raised as described herein that are specific for 
thrombospondin and that do not cross react with other 
plasma proteins. Moreover, labelled receptors, as 
further described herein, bind to thronibin-s timulatsd 
blood platelets and are substantially non-binding to 
non-stimulated platelets. Thus, a receptor of this 
invention can provide an imaging reagent of this 
15 invention that detects and discriminates activated 
blood platelets from resting blood platelets in a 
site-specific manner. 
I . Introduction 

Blood protein components that are expressed 
on the outer cell surface of activated platelets as 
adhesive proteins can be derived from the endogenous 
intracellular alpha granule pool or from exogenous 
sources, such as plasma or the subendothel ial 
matrix. A comparison of approximate amounts of the 
25 adhesive proteins present in these potential sources 
is shown in Table I. 

TABLE I 

Adhesive Protein Platelet Content Plasma Content 
(micrograms/lO^ platelets) (micr ograms/ml) 
30 Fibrinogen 50 3,000 

Pibronectin 3 300 

von Willebrand 

Factor 2 20 

Thrombospondin 20 0.0 2 

35 
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Thus, plasma is an inconsequential source of 
thrombospondin and a substantial source of 
fibrinogen, fibronectin and von Willebrand Factor, 
Assuming infinite affinity, complete binding of 

5 thrombospondin to blood platelets would only place 
about 50 to 300 molecules of the blood protein 
component per cell^ 

On the other hand, thrombospondin is a major 
blood platelet component of the alpha granule pool 

10 that is known to be cell surface expressed following 
thrombin-s timulation of the cell. Surface expression 
of thrombospondin occurs in the presence of divalent 
metal ions, such as calcium and magnesium, but is 
reduced by ethylenediaminetetraacetic acid (EDTA) . 

15 Serum levels of thrombospondin are about 10,000 - 

30,000 nanograms/milliliter (ng/ml) , which suggests a 

Q 

platelet content of approximately 20,000 ng/10 
cells . 

The endothelial matrix cells provide an 

20 exogenous source of fibronectin, von Willebrand 
Factor and thrombospondin. Thrombospondin is 
synthesized by endothelial cells, smooth muscle 
cells, monocytes, and fibroblasts and is -incorporated 
into the subcellular matrix. Intrinsic labelling 

25 studies show that thrombospondin is synthesized at a 
rate of about 10 to 71 ng/10^ cells over a period 
of 18 hours as reported by Raugi et al., 
- "Thrombospondin: Synthesis and Detection by Cells in 
Culture", J. Cell. Biol. , 95 , 351 (1982). Other 

30 studies are found in Mosher et al., "Synthesis and 
Secretion of Thrombospondin by Cultured Endothelial 
Cells", J. Cell. Biol. , 93, 343 (1982) [hereinafter 
Mosher et al.], and in Jaffe et al., "Cultured Human 
Fibroblasts Synthesize and Secrete Thrombospondin and 

35 Incorporate it into Extracellular Matrix", Proc. 
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Natl, Acad. Sci. (USA) , 80 , 998 (1983) [hereinafter 
Jaf fe et al, (1983) ] . 

The role of thrombospondin in platelet 
aggregation is not fully understood but it is known 
5 to be the molecule on the stimulated platelet surface 
that is responsible for agglutinin activity. This 
finding was reported by Jaffe et al., "Thrombospondin 
is the Endogenous Lectin of Human Platelets" , Nature , 
295, 246 (1982) [hereinafter Jaffe et al. (1982)]. 
10 It is believed that thrombospondin plays a 

role in platelet aggregation via an interaction with 
fibrinogen, since fibrinogen can support platelet 
aggregation in the absence of platelet secretion 
where thrombospondin is unavailable or is only 
15 available in diminished amounts in the platelet 

(e.g.. Gray platelets). In contrast, however, Nurden 
et al., have reported the "Inhibition of 
Thrombin- induced Platelet Aggregation of a Rabbit 
Antibody Against Human Platelet Thrombospondin", in 
20 Thrombosis and Haemostosis , 50 , (Abst.) 401 (1983). 

The function of thrombospondin synthesized 
by fibroblasts is also unclear. Using mouse 
monoclonal anti- thrombospondin and rabbit polyclonal 
anti-thrombospondin, Jaffe et al. (1983) localized 
25 thrombospondin to the fibrillar extracellular matrix 
of cultured human fibroblasts by means of 
immunof luoresence microscopy. It was reported that 
human foreskin and fetal lung fibroblasts, 
respectively, secreted thrombospondin in a 
30 time-dependent manner at the rate of about 15.7 and 
5.8 micrograms per 10^ cells per 24 hour period 
into the culture medium as determined by 
enzyme-linked immunoabsor bent assay (hereinafter 
ELISA) . 
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II . GENERAL DISCUSSION 

The term "receptor" as used herein is meant 
to indicate a biologically active molecule that binds 
to an antigen* A receptor molecule of the present 
5 invention is an intact antibody, substantially intact 
antibody or an idiotype-containing polypeptide 
portion of an antibody in subtantially pure form, 
such as in ascites fluid or serum of an immunized 
animal • 

10 Biological activity of a receptor molecule 

evidenced by the binding of the receptor to its 
antigenic ligand upon their admixture in an aqueous 
medium, at least at physiological pH values and ionic 
strengths. Preferably, the receptors also bind to 

15 the antigenic ligand within a pH value range of about 
5 to about 9, and at ionic strengths such as that of 
distilled water to that of about one molar sodium 
chloride. 

Idiotype-containing polypeptide portions 

20 (antibody combining sites) of antibodies are those 
portions of antibody molecules that include the 
idiotype and bind to the ligand, and include the Fab, 
Fab' and.F(abM2 portions of the antibodies. Fab 
and FCab')^ portions of antibodies are well known 

25 in the art, and are prepared by the reaction of 

papain and pepsin, respectively, on substantially 
intact antibodies by methods that are well known. 
See for example, U.S. Patent No ...4 , 342 , 566 to 
Theof ilopolous and Dixon. Fab* antibody portions are 

30 also well known and are produced from F(ab')2 

portions followed by reduction of the disulfide bonds 
linking the two heavy chain portions as with 
mercaptoethanol, and then alkylation of the resulting 
protein mercaptan with reagent such as 

35 iodoacetamide. Intact antibodies are preferred, and 
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will be utilized as illustrative of the receptor 
molecules of this invention. 

The receptors useful in the present 
invention are monoclonal or polyclonal receptors, A 

5 "monoclonal receptor" (Mab) is a receptor produced by 
clones of a single cell called a hybridoma that 
secretes but one kind of receptor molecule • A 
"polyclonal" receptor (Pab) is a receptor produced by 
clones derived from different cells that secrete 

10 different antibodies that bind to a plurality of 
epitopes of the immunogenic molecule • The 
preparation of polyclonal receptors is discussed 
hereinafter as part of the production of Mabs, 
The hybridoma cell is fused from an 

15 antibody-producing cell and a myeloma or other 

self-perpetuating cell line. Such receptors were 
first described by Kohler and Milstein, Nature r 256 ^ 
495 (1975), which description is incorporated herein 
by reference. Monoclonal receptors are typically 

20 obtained from hybridoma tissue cultures, the 

preferred method for obtaining a monoclonal receptor 
of the present invention, or, alternatively, from 
ascites fluid obtained from non-human, warm blooded 
host animals into which the hybridoma tissue was 

25 introduced. 

Antibodies are secreted by specialized cells 
called B cells (bone marrow-derived lymphocytes) . 
Each B cell secretes one type of antibody having a 
single specificity so the various antibodies of 

30 different specificites are each secreted by different 
B cells. The B cells are cloned to provide a source 
of the antibodies. However, B cells die in a few 
days in culture m.edia and must be made relatively 
"immortal" so that a supply of the desired antibodies 

35 may be obtained. This is accomplished by removing 
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the B cells from the animal, typically, from the 
spleen, fusing the B cells with a cancerous or 
myeloma cell to form a cell hybrid (called "a 
hybridoma") and then culturing the hybridoma. Both 

5 methods are described hereinafter. 

To form a hybridoma from which a monoclonal 
receptor is produced, a myeloma cell line is fused 
with an antibody-producing cell that produces 
antibodies that react with a blood protein component, 

10 such as splenocytes from a mammal immunized with 
t hr ombo spond i n as an immunogen* 

The antibody-producing cells that are 
employed may be derived from any mammal, such as 
primates, humans, rodents {e;g., mice and rats), 

15 rabbits, cattle, dogs, sheep or the like. As 

appropriate, a non-human host animal may be immunized 
by injection of an immunogen, in this instance 
thrombospondin, followed by a booster injection, and 
then isolation of the spleen after a sufficient time 

20 period has elapsed for the host to produce 

antibodies, this is typically about one month to 
about three months after the first immunization. 

Non-human, warm blooded animals usable in 
the present inventions as hosts can include poultry 

25 (such as a chicken or a pigeon) , a member of the 
ratitae bird group (such as an emu, ostrich, 
cassowary or moa) or a mammal (such as a dog, cat, 
monkey, goat, pig, cow, horse, rabbit, guinea pig, 
rat, hamster or mouse) . Preferably the host animal 

30 is a mouse, rabbit or emu. 

It is preferred that a myeloma cell line be 
from the same species as the antibody-producing 
cells. Therefore, fused hybrids such as mouse-mouse 
hybrids [Shulman et al., Nature , 276 , 269 (1978) or 

35 rat-rat hybrids (Galfre et al.. Nature, 277, 131 



5DOCID; <WO __8605693A1 l_ > 



wo 86/05693 



PCT/US86/00616 



10 



15 



20 



25 



-23- 

(1979)] are typically utilized. However, some 
rat-mouse hybrids have also been successfully used in 
forming hybridomas [Coding, "Production of Monoclonal 
Antibodies by Cell Fusion", in Antibody as Tnoi . 
Marchalonis et al. eds., John Wiley & Sons Ltd., 
273-289 (1982) hereinafter Marchalonis et al.]. 
Suitable myeloma lines for use in the present 
invention include MPC-11 (ATCC CRL 167) , 
P3X63-Ag8.653 (ATCC CRL 1580), Sp 2/0-Agl4 (ATCC CRL 
1581), P3X63Ag8U.l (ATCC CRL 1597), y3-Agl.2.3 
(deposited at Collection Nationale de Cultures de 
Microorganisms, Paris, France, number 1-078 and 
P3X63Ag8 (ATCC TIB9) . Myeloma line X53.657 is 
preferred for use in the present invention. 

Monoclonal anti- thrombospondin (anti-TSP) 
receptors were formed as described herein from murine 
(mouse) myeloma lines, and polyclonal anti- 
thrombospondin receptors were formed from rabbit and 
from emu myeloma lines. The monoclonal anti-TSP 
reagents were given the following designations for 
reference purposes and were deposited with the 
American Type Culture Collection (ATCC), Rockville, 
Maryland on December 12, 1984 under the following 
ATCC accession numbers. 

ATCC Accession 
Monoclonals Number 



30 



TSP L-1 (14E7) HB 8680 

TSP 1-2 (9D7) HE 8681 

Receptors are utilized along with an 
indicator labeling means or "indicating group" or a 
"label". The indicating group or label is utilized 
in conjunction with the receptor as a means for 
determining the site of a specific cell surface 
35 expressed antigen, and in some instances for 
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determining the extent of a reaction between the 
receptor and the antigen. 

The terms "indicator labeling means", 
"indicating group" or "label" are used herein to 
include single atoms and molecules that are linked to 
the receptor or used separately, and whether those 
atoms or molecules are used alone or in conjunction 
V7ith additional reagents. Such indicating groups or 
labels are themselves well-known in immunochemistry 
and constitute a part of this invention only insofar 
as they are utilized with otherwise novel receptors, 
methods and/or systems. 

The indicator labelling means can be a 
fluorescent labelling agent that chemically binds to 
antibodies or antigens without denaturing them to 
form a fluorochrome (dye) that is a useful 
immunof luorescent tracer. Suitable fluorescent 
labelling agents are f luorochromes such as 
fluorescein isocyanate (FIC) , f lourescein 
isothiocyanate (FITC) , dimethylamino-naphthalene- 
S-sulphonyl chloride (DANSC) , tetramethylrhodamine 
isothiocyanate (TRITC) , lissamine, rhodamine B200 
sulphonyl chloride (RB 200 SC) and the like. A 
description of immunofluorescence analysis techniques 
is found in Marchalonis et al., "Immunofluorescence 
Analysis", 189-231, which is incorporated herein by 
reference. 

The indicating group may also be an enzyme, 
such as horseradish peroxidase (HRP) or glucose 
oxidase, or the like. Where the principal indicat,ing 
group is an enzyme such as HRP or glucose oxidase, 
additional reagents .are required to visualize the* 
fact that a receptor-1 igand complex has formed. Such 
additional reagents for HRP include hydrogen peroxide 
and an oxidation dye precursor such as 
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diaminobenzidine. An additional reagent useful with 
glucose oxidase is 2 , 2 • -azino-di- (3-ethyl- 
benzthiazoline-6-sulf onic acid) (ABTS) . 

A particularly preferred fluorescent 

5 labelling agent is fluorescein isothiocyanate . 

Cell-bound f luorochrome is determined by fluorescence 
microscopy using an activated cell sorter (FACS) such 
as that sold by Ortho Diagnostics of Westwood, MA. 
The expression of blood protein antigen on the outer 

10 cell surface of activated blood platelets increases 
fluorescein fluorescence intensity due to binding of 
a labelled receptor of this invention as described 
hereinbelow. 

An exemplary r adiolabelling agent is a 

15 radioactive element that produces gamma ray 

emissions. Elements which themselves emit gamma 

r;=.^c. c=n^h c: 1^4^ 125^ 128^ 131_ 132^ 

rays, sucn as I, I, I, I, I, 

and ^"^Cr represent one class of gamma ray 

emission-producing radioactive element indicating 

12 5 

20 groups. Particularly preferred is I. Another 

class of useful indicating groups are those elements 
such -^-^C, -^^F, -^^O and "^^N which themselves 
emit positrons. The positrons so emitted produce 
gamma rays upon encounters with electrons present in 

25 the animal's body. Also useful is a beta ray 
emitter , such as "^"^"^ indium. 

A preferred radioactively labelled 
monoclonal receptor can be prepared by culturing 
hybridoma cells in a medium containing radioactive 

30 amino acids, as is well known, as well as by 

isolating the monoclonal receptor and then labelling 
the monoclonal receptor with one of the above 
radioactive elements as described in U.S. Patent 
No. 4,381,292 to Bieber and Howard, incorporated 

35 herein by reference. 
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A radiolabelled receptor such as anti-TSP or 
an idiotype-containing polypeptide portion thereof is 
then introduced as by injection into the blood stream 
of a maTTimal having a vascular disease, especially an 
arterial thrombosis, or vessel wall injury. The 
labelled receptor forms a complex with the 
thrombospondin on the outer cell surface 
thrombin-stimulated activated blood platelets whose 
situs may be determined after a suitable, 
predetermined time (about 18 to about 24 hours) to 
permit clearance of unbound labelled receptor from 
the body. 

The mammal is scanned with a gamma ray 
emission detector such as the axial tomographic 
scanner commercially available under the designation 
CT (80-800 CT/T) from General Electric Company 
(Milwaukee, wi) , or with a positron emission 
transaxial tomography scanner such as that designated 
Pett VI located at Brookhaven National Laboratory. 
Such scanning provides an image of the activated 
blood platelet, as well as information as to the 
sites and size of a blood clot or injured soft tissue 
because of the specificity of the radiolabelled 
receptor utilized. 

In another embodiment, a receptor can be 
labelled with an indicating group containing an 
element that is active in nuclear magnetic resonance 
(NMR) spectroscopy; i.e. an NMR-active element. Many 
such elements are commercially available in addition 
30 to the more usual ^^c, ^^n, ^^F and the like. 

It is particularly preferred to utilize an 
indicating group containing the NMR-active 19? 
atom, or a plurality of such atoms inasmuch as (i) 
substantially all of naturally abundant fluorine 
35 atoms are the I^f isotope and thus substantially 
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all fluorine-containing compounds are NMR-active; 
(ii) many chemically active polyf luor inated compounds 
such as tr if luoroacetic anhydride are commercially 
available at relatively low cost, and (iii) many 

5 f luor inated compounds have been found medically 
acceptable for use in humans such as the 
perf luor inated polyethers utilized to carry oxygen as 
hemoglobin replacements . 

Another particular advantage of the use of 

10 fluorine-containing NMR-active indicating groups is 
that a mammalian body contains very little fluorine 
under normal conditions. Consequently, by using an 
NMR-active element that is otherwise substantially 
absent from the mammal/ background signals owing to 

15 bodily fluorine atoms are substantially absent. 

Thus, the principal signals observed are due to a 
labelled receptor - blood protein component complex. 

In one embodiment, a receptor such as 
anti-TSP is preferably labelled i»ith a 

20 fluorine-containing material such as tr if luoroacetic 
anhydride or hexaf luor oethanol to form a fluorinated 
amide or ester derivative, respectively. Thereafter, 
the fluorinated receptor is introduced as by 
injection into the bloodstream of a mammal subjected 

25 to a vascular injury. After a predetermined amount 
of incubation time for the labelled receptor to 
complex with expressed thrombospondin on -the 
activated blood platelet surface and foe any 
uncomplexed receptor to be cleared from the body, a 

30 so-called "whole-body" NMR determination is carried 

out using an apparatus such as one of those described 
by Pykett, Scientific American , 246 , 78 (1982) to 
locate and form an image of the activated blood 
platelet. 

35 



DOCID: <WO _ _B605693A1 J > 



wo 86/05693 



PCT/US86/00616 



-28- 

Indicating means or labels that are 
themselves radioactive such as the before-mentioned 
gamma ray, beta ray and positron emitters, and the 
NMR-active elements are preferably utilized within 
5 the body of the mammal to be assayed and may thus be 
referred to as in vivo labels or indicating means. 
The more general terms "indicating means", 
"indicating group" and. "label" are utilized herein 
where an in vivo label or a label that is less useful 
10 within the body of the assayed mammal such as a 
fluorochrome dye or enzyme is intended. 

The indicating means may be bonded to the 
receptor as where an antibody is labelled with 

I. The means may also constitute all indicator 
15 or a portion of a separate molecule or atom that 

reacts with the receptcr molecule such as HRP-linked 
to rabbit anti-mouse antibodies where the antibody 
receptor was raised in a mouse, or where a 
radioactive element such as I is bonded to 
20 protein A obtained from Staphylococcus aureus . 

An indicator labelling agent is preferably 
supplied along with the receptor and may be packaged 
therewith or packaged separately. Additional 
reagents such as hydrogen peroxide and 
25 diaminobenzidine may also be included in the system 
when an indicating group such as HRP is utilized. 
Such materials are readily available in commerce, as 
are many indicating groups, and need not be supplied 
along with the diagnostic system. In addition, some 
reagents such as hydrogen peroxide may decompose on 
standing, or are otherwise short-lived like some 
radioactive elements, and are better supplied by the 
end-user . 
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Thus, the above methods of detecting the 
site of activated blood platelets in vivo in a mammal 
include the following steps, 

(a) Providing a composition containing an 
5 effective amount of a receptor of the present 

invention wherein the receptor such as anti-TSP is 
bonded to an in vivo indicating group. Typical 
compositions include about 1 to about 100 milligrams 
of the labelled receptor in an aqueous, 

10 physiologically tolerable medium such as that 
provided by water alone, an aqueous saline, 
phosphate-buffered saline (PBS) or other aqueous 
buffer solution. The amount of receptor utilized 
depends, inter alia, upon the mammal, the vascular 

15 stimulating event and the class of receptor, where an 
intact antibody is used. The useful indicating 
groups include gamma ray emission-producing elements, 
NMR-active elements and the like, as noted before. 

(b) The composition so provided is 

20 introduced as by injection into the bloodstream of a 
mammal to be assayed for the presence of activated 
blood platelets as are produced by a thrombotic 
vascular stimulating event. 

(c) The mammal so injected is maintained 

25 for a predetermined period of time sufficient for the 
indicating group-bonded (labelled) receptor to form a 
complex on the surface of the activated blood 
platelet, and for any uncomplexed labelled receptor 
to clear from the body. 

30 (d) The mammal is then scanned with a means 

for detecting the location of the complexed,, labelled 
receptor. Typical detecting means include usually 
used gamma ray emission detectors, those machines 
used in positron emission tomography and so-called 

35 
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"whole body" NMR spectrometers which may in practice 
only scan a portion of the body at any time* 

The present invention further contemplates a 
method of preparing a receptor of this invention, a 

5 method of assaying using such a receptor and a 

diagnostic system that includes a receptor of this 
invention in packaged form. The following discussion 
describes several specifier illustrative embodiments 
of the present invention with emphasis on 

10 particularly preferred receptors, their preparation 
and use as exemplary of the more gen^^ral invention^ 
III . Specific Embodiments 

A. Formation of Monoclonal Anti-TSP 

Human platelet thrombospondin was released 

15 from 1 to 3 day old platelet concentrate obtained 

from platelet concentrate by activating the platelets 
with thrombin, isolating the thrombospondin and 
purifying it as described by Lawler et al. , J. Biol. 
_ Chem. , 23 , 8609 (1978). Briefly, stable, soluble 

20 thrombospondin was isolated in physiological saline 
by a combination of exclusion and affinity 
chromatography. The purity of the thrombospondin 
(TSP) preparation was greater than 95 percent as 
determined by isoelectric focusing and sodium dodecyl 

25 sulf ate-polyacrylamide gel electrophoresis (SDS-PAGE) 
analysis . 

Monoclonal anti-TSP was formed using the 
standard hybridoma technology of Kohlair et al.. 
Nature , 256 , 495 (1975) . Briefly, BALB/c mice were 
30 immunized by intraperitoneal injection with ^ 
approximately 25 micrograms per mouse of the 
thrombospondin preparation emulsified in complete 
Freund's adjuvant. The mice were reimmunized with 25 
micrograms of the thrombospondin preparation in an 

35 
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equal volume of incomplete Freund's adjuvant at days 
14, 26, 36 and 47. 

Subsequently, each mouse was bled from the 
retro-orbital plexus. Sera obtained were screened 

5 for anti- thrombospondin antibodies using a solid 
phase radioimmunoassay with I'^^^-goat-anti-mouse 
immunoglobulin (Sigma Chem. Co., St. Louis, MO) as 
the antibody identifying agent and 2.5 micrograms per 
milliliter thrombospondin coated on each well as the 

10 solid phase antigen. 

The two mice with the highest titers of 
anti-TSP antibodies were selected for further 
immunization, and were reimmunized on day 90 after 
the initial immunization with 20 micrograms of the 

15 TSP preparation intravenously and 20 micrograms of 
the TSP preparation intra- per itoneally . The mice 
were immunized again on day 93 with 40 micrograms of 
the thrombospondin preparation and the mouse with the 
highest titer of anti-TSP antibodies was selected for 

20 the cell fusion. 

The mouse was sacrificed three days after 
the last immunization. The spleen of that mouse was 
removed, and the splenocytes were isolated and 
suspended in an appropriate medium. This 
25 experimental technique is well known in the art. A 

suitable medium is HAT (hypoxanthine, aminopterin and 
thymidine) and about 1 milliliter (ml) of medium per 
spleen is sufficient. Another suitable medium is 
Dulbecco's Modified Eagle's Medium containing 10 
percent of fetal calf serum (CFS) . 

The splenocytes were pooled to yield 
1.5 X 108 total cells. The cells were subsequently 
fused with unfused murine (mouse) myeloma cell line 
X63.657 in the presence of a suitable cell fusion 
35 promoter to provide a composition that contains 
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unfused splenocytes, unfused myeloma cells, and 
fused, hybridoma cells. A suitable fusion promoter 
is a polyethylene glycol (PEG) having a molecular 
weight of from about 1000 to about 4000 (commercially 
5 available as PEG 1000 and PEG 4000 from Sigma 
Chemical Co., St. Louis, MO). 

A total volume of about 0.5-1,0 milliliters 

(ml) of fusion medium is typically appropriate for 

8 7 
10 splenocytes fused with about 3 x 10 myeloma 

10 cells. A preferred ratio is about one myeloma cell 
per ten spleen cells as described by Curtiss ct al., 
J. Biol. Chem. , 257 , 15213 (1982). 

Many mouse myeloma cell lines are known and 
are available from various deposit banks, such as the 

15 Salk Institute Cell Distribution Center, La Jolla, 
CA. According to accepted practices, the mouse 
myeloma cell line should preferably be of the "drug 
resistant" type, so that unfused myeloma cells will 
not survive in a selective medium, while hybrids will 

20 survive. The most common class is S-azaguanine 
resistant cell lines, which lack the enzyme 
hypoxan thine guanine phosphor ibosyl transferase and 
thus will not be supported by HAT medium. 

The mixture of unfused spleen cells, unfused 

25 myeloma cells and fused cells was diluted and 

cultured in separate containers in the selective, 
HAT, medium for a sufficient period of time (about 
tv:in to fourteen days) to allow the unfused cells to 
die. The word "container" refers herein particularly 

30 to a well of a microtiter plate or tissue culture 

plate, although other suitable containers may also be 
utilized. 

Specifically, three days, after fusion, 
viable cells were plated out in 96-well tissue 
35 culture plates at 2 x 10^ viable cells per well 
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(about 3,500 total wells) in HAT medium. The plated 
cells were fed seven days after fusion with HAT 
medium and at approximately 4-5 day intervals 
thereafter as needed. Growth was followed 

5 microscopically and culture supernatants that 

contained antibodies were collected on day 14 after 
fusion for assay of antigen-specific antibody 
production by solid phase radioimmunoassay (RIA) . On 
day 14, 700 of the 3,500 wells contained colonies of 

10 viable cells. 

Twenty-five wells or less than one percent 
of the culture supernatants reacted with human 
thrombospondin (contained anti-TSP) as measured by 
solid phase immunoassay using goat anti-mouse 
15 immunoglobulin. Six of those twenty- five wells 

(designated 9D3, 11F3, 14E7, 9D7, 11D7 and 13F5) were 
selected 22 days after fusion for differential 
screening; i.e. no reaction with normal human resting 
blood platelets, but good reaction with human 
activated blood platelets, and were recloned by 
limiting dilution in which the volume of diluent was 
statistically calculated to isolate a certain number 
of cells (e.g., 1-4) in each separate container 
(e.g., each well of a microtiter plate). 

After a suitable period for hybridoma growth 
and antibody secretion was elapsed (14-28 days) , the 
resulting supernatants in each container were 
evaluated for the isotype of the secreted anti-TSP 
with a Litton Bionetics Kit (Litton Bionetics, 
30 Kensington, MD) as described in the kit 

instructions. The desired hybridoma was selected and 
anti-TSP was recovered from the culture supernatant. 

Cloned hybridomas were cultivated in a 
medium containing 10 percent fetal calf serum (FCS) 
35 and were stored frozen in liquid nitrogen as 
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described by Kennedy et al.. Diabetes , 31 (Suppl. 3), 
52 (1982) . 

Once the desired hybridoma is selected and 
cloned, the resultant antibody may be produced in one 
of two ways* The more pure monoclonal antibody is 
produced by in vitro culturing of the desired 
hybridoma in a suitable medium for a suitable length 
of time, followed by recovery of the desired antibody 
from the supernatant. The suitable medium and length 
of culturing time are known or are readily 
determined • The _in vitro technique produces 
receptors essentially free from other specific 
immunoglobulin that immunoreacts with a human-derived 
antigen (anti-human immune globulin) • There is a 
15 small amount of other immune globulin present since 

the medium contains exogenous serum (e.g,, fetal calf 
serum) . However, this in vitro method may not 
produce a sufficient quantity or concentration of 
antibody for some purposes. 
20 To produce a much greater concentration of 

slightly less pure monoclonal antibody, the desired 
hybridoma can be injected into pristane (Aldrich 
Chem. Co., Milwaukee, WI) primed mice, preferably 
syngenic or semi-syngenic mice to the mouse from 
25 which the splenocytes were obtained. The hybridoma 

causes formation of antibody-producing tumors after a 
suitable incubation time, which result in a 
relatively high concentration of the desired antibody 
in the bloodstream and peritoneal exudate (ascites) 
30 of the host mouse. Although these host mice also 
have normal antibodies in their blood and ascites, 
the concentration of these normal antibodies is only 
about 5 percent of the monoclonal antibody 
concentration* Moreover, since these normal 
35 antibodies are predominantly not anti-human in their 
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specificity, the monoclonal antibodies obtained from 
the harvested ascites or from the serum are 
essentially free of any contaminant anti-human immune 
globulin. 

5 Immunoglubolin heavy and light chains of the 

antibodies secreted by the cloned hybridomas were 
typed using the Mono AB-ID EIA Kit A (lot Number 
20920, Zymed Labs Inc., San Francisco, CA) • The 
assays were performed with hybridoma culture 

10 super natants as described by the manufacturer. 

Ascites were prepared from five of the above 
six cell lines (9D3, 11F3, 14E7, 9D7 and 11D7) . In 
the case of all antibodies except those of 9D3, a 
single band was observed in cellulose acetate 

15 electrophoresis which further confirms monoclonali ty . 

In the case of 9D3 , three bands were 
observed. For this reason this cell line was 
subcloned and ascites were raised from two of the 
original clones and two of the subclones. In each 

20 case, this three band pattern was observed and 

suggests that this line is also monoclonal. The 
three bands are probably due to a recombination of 
the heavy and light chains of the antibody with 
myeloma proteins produced by the parent myeloma line. 

^5 Cell line 14E7 (ATCC HB 8680) was typed as 

producing an IgG2^ antibody (Mab TSP l-l) with a 
kappa light chain by Ouchterlony immunodiffusion. 
Mab TSP I-l has a titer in solid phase radioimmuno- 
assay (as described herein at Section III C) against 

30 human thrombospondin of 10^, and it does not react 
with human fibrinogen or fibronectin. In addition, 
Mab TSP I-l exhibits a single major band of gamma 
mobility on cellulose acetate electrophor sis . On 
Western blots of purified thrombospondin, or human 

35 platelets, the antibody reacts with a single 
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polypeptide of apparent subunit molecular weight of 
180,000 daltons, which is consistent with the known 
subunit molecular weight of thrombospondin. On 
immunof luorescent staining (see Section III D(l) 

5 herein), the antibody stains platelet alpha granules, 
which are known to be the storage site of 
thrombospondin . 

Cell line 9D7 (ATCC HB 8681) produces a 
monoclonal antibody designated "Mab TSP 1-2" which 

10 exhibits properties similar to those of Mab TSP I-l, 
but recognize a distinct epitope • 

B. Formation of Polyclonal Anti-TSP 

As previously described with reference to 
the formation of monoclonal anti-TSP, polyclonal 
15 anti-TSP was produced using a thrombospondin 

preparation purified according to Lawler et al., J , 
Biol. Chem. , 23 , 8609 (1978). 

Rabbits were immunized with 1 milligram (mg) 
subcutaneous doses of thrombospondin in complete 
20 Freund's adjuvant on a bimonthly basis. 

Subsequently, each rabbit was bled and sera 

were screened for anti- thrombospondin antibodies 

using a solid phase radioimmunossay with 
12 5 

I -goat-antimouse immunoglobulin (Sigma Chemical 
25 Co., St. Louis, MO) and 2.5 micrograms per milliliter 
thrombospondin coated on each well, as described 
before. 

C. Solid Phase Radio immunoassay (RIA) 
Assays were performed in flexible round 

30 bottom polyvinyl chloride microtiter plates (Falcon, 
Micro Test III, Becton Dickinson and Co., Oxnard, 
California) . The wells were coated with 
thrombospondin antigen by adding 0.05 milliliters of 
thrombospondin in PBS and incubating the plates for 3 

35 hours at room temperature to give a constant final 
solid phase-bound antigen concentration. All 
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antigens were coated at 1 microgram per milliliter. 
The wells were "post-coated" for 30 minutes with 0.25 
inilliliters of PBS containing 3 percent bovine serum 
albumin (BSA) and 3 percent normal goat serum to 

5 block the remaining active sites. 

For assays, aqueous media containing 0.05 
milliliters of mouse serum or hybridoma culture 
supernatant were diluted to 0.25 ml in with a 
solution of PBS containing 3 percent BSA, 3 percent 

10 goat serum and 0.05 percent polyoxyethylene (20) 

sorbitan monolaurate (TV7EEN-20) were added to each 
well to contact the solid phase-bound antigen, and 
form a solid/liquid phase admixture. The 
solid/liquid phase admixture was maintained 

15 (incubated) for a time period sufficient for anti-TSP 
antibodies present in the serum or supernatant to 
immunoreact with the antigen for (13 hours at 4 
degrees C) . The solid and liquid phases were 
separated, and the solid phase was washed. 

20 After washing , immunoreacted mouse antibody; 

i.e. antibody that bound to the solid phase antigen, 
was detected by admixture of a composition containing 
10 ng per well of immunochemically purified, 
r adioiodinated goat anti-murine immunoglobulirr^ (3 to 

25 4 microcuries per microgram) to form a second 
solid/liquid phase admixtute. The second 
solid/liquid phase admixture was maintained for a 
time period sufficient for the goat anti-murine 
antibodies to immunoreact with and bind to any solid 

30 phase-bound antibodies present, e.g., for 4 hours, at - 
4 degrees C as is described in Curtiss et al., supra . 

The second solid/liquid phase admixure was 
separated, and the separated solid phase was. 
typically washed to remove any adherent, 

35 non-specif ically bound r adioiodinated goat anti- 
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murine antibodies. The amount of goat bound anti- 
murine antibodies bound to the solid phase was then 
determined and the titers were obtained using 
standard, well known techniques. 
5 Competitive assays were performed in a 

similar manner and contained 0.025 milliliters of 
competitor diluted in PBS containing 3 percent bovine 
serum albumin, 3 percent goat -serum and 0.05 percent 
TWEEN-20, and 0.025 milliliters of culture 
10 supernatants containing limiting amounts of 

monoclonal antibody. Non-specific binding was 
determined by replacing specific hybridoma culture 
supernatants with similar dilutions of the culture 
supernatants of non-related hybridomas producing 
15 immunoglobulins of the same heavy chain type. 

The maximum amount of I-second 
antibody bound by specific antibody (Bq) was 
determined in the absence of competitors. Data were 
calculated as B/B^ where B represents the mean 
20 counts per minute of antibody bound at a given 

concentration of competitor. A control monoclonal 
antibody was ant i-apolipoprotein B. 

D. Preparation of Imaging Reagent 
1) Fluorescence Procedure 
25 Immunof luorescent staining was performed on 

2 percent formaldehyde fixed platelets on polylysine- 
coated/ circular glass cover slips. The cells were 
treated for about 3 minutes with. 0.1 percent Triton 
X-100 to render them permeable to antibody and 
30 incubated for about 20 minutes with anti-TSP 

' antibody. The cells were rinsed with PBS and stained 
for about 20 minutes with rhodamine-labelled rabbit 
F(ab')2 anti goat immunoglobulin (Cappel 
Laboratories, Cochranville , PA) , The platelets were 
35 viewed with a Zeiss universal microscope equipped 
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with an HBO SOW mercury lamp and an IVFI 

epif luorescence condenser (Carl Zeiss, Inc., New 

York) • 

2) Radiolabelling Procedure 

5 Anti-TSP antibody was r adiolabelled with 

125 

I to a specific activity of about 0.5 
microcuries per microgram, and a double antibody 
radioimmunoassay was performed substantially as 
described in Plow et al,, J. Immunol. , 107 , 1495 
10 (1971) which is incorporated herein by reference. 

Assays were performed in plastic, 
siliconized tubes at about 22*^0 with ^^^I-labelled 
antibody at a final concentration of about 15 ng/ml 
in a buffer system of 0.025 molar NaCl, 0.04 molar 
15 sodium borate, 1 millimolar EDTA at about pH 8.3. 
E . Diagnostic Systems 

A diagnostic system, preferably in kit form, 
comprises yet another embodiment of this invention. 
This system is useful for detecting and 

20 discriminating between activated and resting blood 

platelets in a blood of cell surface expressed blood 
protein component. This system includes at least one 
package that contains an effective amount of 
biologically active receptor of this invention. That 

2 5 is , a receptor that binds to an activated blood 
platelet but not to a resting blood platelet. 

A predetermined amount of the receptor is 
admixed with a predetermined amount of platelet- 
containing blood sample in the presence of an 

30 appropriate indicating means. The admixture is 
maintained for a time period sufficient for the 
receptor to immunoreact with activated platelets that 
may be present in the sample, i.e. the admixure is 
maintained for a time sufficient for a complex to 

35 form between the receptor and the cell surface- 
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expressed protein against which the receptor was 
raised. The indicating means is utilized to signal 
the formation of the complex after the platelets have 
been separated from the remaining sample. 

5 An aqueous solution of the receptor in 

hybridoma supernatant, ascites fluid or buffer may be 
admixed with the indicator labelling means to admix 
as a liquid reagent with the blood sample* 
Alternatively, the reagent may be coated on the walls 

10 of a microtiter plate and then admixed with a 
throaibin-stimulatied blood sample; or the 
thrombin-stimulated blood sample may be coated on 
microtiter plate walls or on a nitrocellulose sheet 
or may be present in a tissue section hybridoma 

15 supernatant, ascites fluid or a buffer solution 
containing the- reagent admixed herewith. 

The results discussed herein were obtained 
with monoclonal antibodies produced by hybridomas 
ATCC HB 8680 and HB 3681 of this invention. It is to 

20 be understood, however, that the results discussed 

herein are illustrative of embodiments utilizing the 
above monoclonal antibodies and the present invention 
is not intended to be so limited. 

25 
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WHAT IS CLAIMED IS: 

1. A diagnostic site-specific imaging 
reagent comprising a receptor raised in an animal 
host to a blood platelet cell membrane-associated 

5 antigen, and indicating means, wherein said receptor 
is capable of selectively binding to a specific cell 
membrane-associated antigen of a blood platelet when 
said platelet is in a stimulated state, but is 
substantially non-binding to said platelet when it is 

10 not so stimulated and said indicating means labels 
the receptor and images the site of said antigen, 
whereby said reagent can detect and discriminate 
between stimulated and non-stimulated platelets. 

2. The reagent of claim 1 wherein said 
15 receptor is a monoclonal antibody. 

3. The reagent of claim 1 wherein said 
receptor is a monoclonal antibody produced by a 
hybridoma selected from the group consisting of 
hybridomas ATCC HB 8680 and ATCC HB 8681- 

20 4. The reagent of claim 1 wherein the 

antigen is thrombospondin. 

5. A method of forming a diagnostic 
site-specific reagent comprising the steps of: 

(a) administering to an animal host a human 
25 blood platelet cell membrane-associated antigen in an 

amount sufficient to induce the production of 
antibodies to the antigen, said antibodies being 
receptors for said antigen; 

(b) maintaining the immunized host for a 
30 time period sufficient to form the antibodies to the 

antigen; 

(c) withdrawing antisera from the immunized 

host; 

(d) recovering the receptor so produced in 
35 substantially pure form; and 
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(e) admixing the receptor with an 
indicating means. 

6, The method of claim 5 wherein the cell 
membrane-associated antigen is a human blood platelet 
5 intracellular protein component, 

?• A method of forming a monoclonal 
receptor for use as a diagnostic site-specific 
reagent comprising the steps of: 

(a) administering to an animal a human 

10 blood platelet cell membrane-associated antigen in an 
amount sufficient to induce the production of 
antibodies to the antigen, said antibodies being 
receptors for said antigen; 

(b) maintaining the immunized host for a 

15 time sufficient to form the antibodies to the antigen; 

(c) withdrawing antisera from the immunized 

host; 

(d) recovering antibody producing cells 
from the antisera; 

20 (e) forming cell hybridomas by fusing the 

antibody producing cells with unfused myeloma cells; 

(f) culturing the hydridomas so fused in a 
suitable medium; 

(g) assaying and selecting said hybridomas 
25 for the ability to produce a monoclonal receptor that 

binds to a cell membrane-associated antigen of a 
blood platelet when the blood platelet is in a 
stimulated state, the receptor being substantially 
non-binding to said platelet when the platelet is not 
30 in a stimulated state; and 

(h) collecting the monoclonal receptor as a 
product of said hybridomas in a substantially pure 
form. 

35 
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8. The method of claim 7 wherein the 
receptor is a monoclonal antibody produced by a 
hybridoma selected from the group consisting of 
hybridomas ATCC HB 86 80 and ATCC HB 8681, 

5 9. The method of claim 7 wherein the cell 

membrane-associated antigen is a human blood platelet 
intracellular protein component that is a 
sialoglycoprotein having an apparent molecular weight 
in excess of 300,000 daltons. 

10 10. A diagnostic kit for detecting and 

imaging the presence in a sample of a blood plcitelet 
cell membrane-associated antigen, said system 
including in at least one package as an active 
ingredient an effective amount of a site-specific 

15 reagent comprised of a receptor to said antigen and 
an indicating means that, when introduced into a 
sample, binds selectively with a specific cell 
membrane-associated antigen of a stimulated blood 
platelet, but is substantially non-binding to a blood 

20 platelet when the platelet is not so stimulated. 
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